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(54) Coating apparatus 

(57) A coating apparatus (1 ) includes: a coating gun 
(11) to which a voltage is applied; a coating hose (12) 
for leading a coating material (P) to the coating gun; a 
piston (14) provided so as to be capable ol water-tightly 



sliding in the coating hose; and driving means (15) for 
moving the piston in the coating hose. The coating ma- 
terial (P) is injected into a front part of the piston (14) 
and the piston (14) is moved toward the coating gun (11) 
at the time of coating. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001) The present invention relates to a coating ap- 
paratus suitable for applying a high voltage to a conduc- 
tive coating material such as a water base coating ma- 
terial to perform coating. More particularly, it relates to 
an apparatus for supplying a non-conductive coating 
material and a conductive coating material. 

2. Description of the Related Art 

[0002] A water base coating material can be readily 
disposed since it does not contain an organic solvent, 
and it is easy on an environment. Further, it does not 
contain a dangerous material such as an organic sol- 
vent, and hence it is excellent in prevention of fire acci- 
dents. Therefore, there is increased a demand as an in- 
termediate coating material or a finish base coating ma- 
terial in place of or together with an organic solvent base 
coating material. 

[0003] In case of applying a high voltage to such a 
water base coating material to perform electrostatic 
coating, an external application system or an insulation 
mechanism for a coating circuit (which will be hereinaf- 
ter referred to as a voltage block system) must be em- 
ployed, in contrast to the organic solvent base coating 
material (Japanese Patent No. 27901 53). 

SUMMARY OF THE INVENTION 

[0004] An external application system applies a volt- 
age from an external electrode to coating particles which 
have been sprayed and atomized by a coating machine 
so that the coating particles are charged with electricity. 
Since the coating particles are not contact-charged in a 
coating circuit, the electricity scarcely flows through the 
coating material. 

[0005] However, the external application system has 
the worse coating deposition efficiency than that of the 
voltage block system, which leads to a problem that an 
amount of coating material to be used is increased as 
much as approximately 10%. Further, a coating gun is 
apL to splotched in principle, and a defect such as irreg- 
ularity of a coating material consequently tends to occur. 
Thus, a frequency of cleaning the coating gun must be 
increased, which may lower the productivity. 
[0006] On the other hand, as a conventional voltage 
block system, there is known an intermediate coating 
tank insulation system which lifts an intermediate coat- 
ing tank set on a booth side by an insulation mounting 
so that an area from the coating machine to the inter- 
mediate coating tank becomes a charging range. 
[0007] However, when a number of paint colors is 
large, a large space is required on the booth side. Fur- 



ther, when color change is frequently performed or an 
amount of coating material to be used is large, the work- 
ing property is deteriorated. 

[0008] In view of the above-described problems in the 
5 prior art, an object of the present invention is to provide 
an inexpensive coating apparatus which is superior in 
the insulating property and the color change working 
property and can be applied to both a conductive coating 
material and a non-conductive coating material. 
io [0009] To achieve this aim , there is provided a coating 
apparatus comprising: a coating gun to which a voltage 
is applied; a coating pipe for leading a coating material 
to the coating gun; a piston provided in the coating pipe 
so as to be capable of water-tightly sliding; and a drive 
15 portion for moving the piston in the coating pipe, the 
coating material being injected into a front part of the 
piston and the piston being moved toward the coating 
gun at the time of coating. 

[001 0] Further, to achieve the above aim, there is pro- 
20 vided a coating apparatus comprising: a coating gun to 
which a voltage is applied: a coating pipe for leading a 
coating material to the coating gun: a cylinder provided 
in the middle of the coating pipe; a piston provided in 
the cylinder so as to be capable of water-tightly sliding; 
25 and a drive portion for moving the piston in the cylinder, 
the coating material being injected into a front part of 
the piston and the piston being moved toward the coat- 
ing gun at the time of coating. 

[0011] Moreover, to achieve the above aim, there is 

30 provided a coating apparatus comprising; a coating gun 
to which a voltage is applied; a first coating pipe for lead- 
ing a coating material to the coating gun; a first piston 
provided in the first coating pipe so as to be capable of 
water-tightly sliding: a first drive portion for moving the 

35 first piston in the first coating pipe; a second coating pipe 
for supplying the coaling material to a front part of the 
first piston; a second piston provided in the second coat- 
ing pipe so as to be capable of water-tightly sliding; a 
second drive portion for moving the second piston in the 

40 second coating pipe; and an opening/closing valve pro- 
vided to a connection portion between the first coating 
pipe and the second coating pipe, the coating material 
being injected to a front part of the second piston at the 
time of coating, the second piston and the first piston 

45 being moved toward the coating gun. 

[0012] Furthermore, to achieve the above aim, there 
is provided a coating apparatus comprising: a coating 
gun to which a voltage is applied; a coating pipe for lead- 
ing a mixed coating material containing at least two 

50 kinds of coating materials to the coating gun; a piston 
provided in the coating pipe so as to be capable of water- 
tightly sliding; a drive portion for moving the piston in the 
coating pipe; and a mixer for mixing the at least two 
kinds of coating materials to supply the mixed coating 

55 material to the coating pipe. 

[0013] In addition, to achieve the above aim, there is 
provided a coating apparatus comprising: a coating gun 
which has at least two trigger valves and to which a volt- 
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age is applied; at least two coating pipes for respectively 
leading the at least two kinds of coating materials to the 
trigger valves of the coating gun; at least two pistons 
provided in the at least two coating pipes so as to be 
capable of water-tightly sliding; and at least two drive 
portions for respectively moving the at least two pistons 
in the coating pipes. 

[001 4] Further to achieve the above aim, there is pro- 
vided a coating apparatus comprising: a coating gun to 
which a voltage is applied; a mixer for mixing at least 
two kinds of coating materials and supplying an ob- 
tained mixed coating material to the coating gun; at least 
two coating pipes for leading the at least two kinds of 
coating materials to the mixer; at least two pistons pro- 
vided in the at least two coating pipes so as to be capa- 
ble of water-tightly sliding: andat least two drive portions 
for respectively moving the at least two pistons in the 
coating pipes. 

[0015] The nature, principle and utility of the invention 
will become more apparent from the following detailed 
description when read in conjunction with the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] In the accompanying drawings: 

Fig. 1 is a schematic block diagram showing an em- 
bodiment of a coating apparatus according to the 
present invention; 

Fig. 2 is a cross-sectional view showing an example 
of a piston according to the present invention; 
Fig. 3 is a schematic block diagram showing a use 
of the coating apparatus according to the present 
invention; 

Fig. 4 is a flowchart showing an example of the op- 
eration of the coating apparatus according to the 
present invention; 

Fig. 5 is a schematic block diagram showing another 
embodiment of a coating apparatus according to 
the present invention; 

Fig. 6 is a schematic block diagram showing a pri- 
mary part of still another embodiment of the coating 
apparatus according to the present invention; 
Fig. 7 is a schematic block diagram showing yet an- 
other embodiment of the coating apparatus accord- 
ing to the present invention; 

Fig. 8 is a schematic block diagram showing a fur- 
ther embodiment of the coating apparatus accord- 
ing to the present invention; 

Fig. 9 is a schematic block diagram showing a still 
further embodiment of the coating apparatus ac- 
cording to the present invention; 
Fig. 1 0 is a schematic block diagram showing a yet 
further embodiment of the coating apparatus ac- 
cording to the present invention; 
Fig.11 is a schematic block diagram showing anoth- 
er embodiment of the coating apparatus according 



lo the present invention; and 
Fig. 1 2 is a schematic block diagram showing a use 
of the coating apparatus depicted in Fig. 1 1 . 

5 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] Preferred embodiments according to the 
present invention will now be described hereinafter with 
io reference to the accompanying drawings. 

<First Embodiment 

[0018] As shown in Fig.1 , a coating apparatus 1 ac- 
>5 cording to this embodiment includes: a bell-shaped 
electrostatic coating gun 11 to which a high voltage of 
-90 kV to -60 kV is applied; a coating pipe 12 (which is 
also referred to as a coating hose 12) for leading a coat- 
ing material to the coating gun 11 ; a color change valve 

20 unit 1 3 which is provided in the middle of the coating 
pipe 12 and performs a color change operation for a 
coating material; a piston 14 which can water-tightly 
slide in the coating pipe 12 and a manifold 131 (which 
corresponds to a common flow path according to the 

•? 5 present invention) of the colorchange valve unit 1 3; and 
driving means for moving the piston 14. 
[0019] The bell-shaped electrostatic coating gun 11 
has a trigger valve 112 in a gun main body 111. When 
the trigger valve 1 1 2 opens based on a command signal 

30 from a later-described controller 1 6 : the coating material 
supplied from the coating hose 12 reaches a bell cup 
1 1 3 provided at the end of the gun main body 111. When 
the bell cup 113 rotates at a high speed, the coating ma- 
terial is sprayed in all directions while being atomized 

35 from an end edge of the bell cup 1 13. In Fig.1 , illustration 
of shaping air is omitted, which adjusts a pattern of coat- 
ing particles sprayed from the end edge of the bell cup 
113. 

[0020] It is to be noted that the coating apparatus ac- 
^o cording to the present invention is not restricted only to 
the bell-shaped electrostatic coating gun but an air 
spray type electrostatic coating gun can be also adopt- 
ed. 

[0021] In the coating hose 12 according to this em- 
4 $ bodiment, its left end in the drawing is connected to the 
trigger valve 1 1 2 of the coating gun 1 1 and its right rear 
end is closed except a through hole of a cable 151 . As 
will be described later in connection with Fig. 3, when the 
coating gun 11 is mounted to, for example, a coating 
50 robot R, the coating hose 1 2 is bent with a work posture 
of the coating robot R. It is. therefore, preferable that the 
coating hose 12 is flexibly made of a nylon-based, a pol- 
ytetrafluoroethylene-based or an urethan-based resin 
so that the coating hose itself can have the ductility and 
55 the piston 14 can smoothly move in the coating hose 
even when the coating hose is bent. If the coating pipe 
12 can be straightened at least within a moving range 
of the piston 1 4. however, the coating hose can be made 



3 



BNSDCCID- -rEP 



11 34027 A2 I 



5 



EP 1 134 027 A2 



6 



up of metal such as stainless. However the outside of 
metal such as stainless must be insulated by using a 
resin and the like. 

[0022] Further, although the coating pipe according to 
the present invention is not restricted to a certain type, 
it is preferable that the coating hose 12 is formed by an 
internal layer 121 consisting of a material superior in the 
abrasion resistance; a reinforcing member 123 for pre- 
venting expansion due to a pressure in the pipe; and 
external layer 122 which is provided so as to surround 
these members and constituted by a flexible material 
which can follow the curve of the coating hose 12. as 
shown in Fig. 2. 

[0023] It is to be noted that a length of the coating hose 
12 can be appropriately adjusted in accordance with an 
amount of the coating material to be used. For example, 
the length of the coating hose 12 can beset longer when 
an amount of the coating material to be used is large, 
and it can be sel shorter when an amount of the coating 
material to be used is small. 

[0024] The color change valve unit 13 is provided in 
the middle of the coating hose 1 2 and water-tightly con- 
nected to each end of the manifold 131 and the coating 
hose 12 by joints. To the color change valve unit 13 
shown in the drawing are provided a selector valve 1 32 
to which a different coating material is supplied from a 
non-illustrated coating material supply source : a selec- 
tor valve 133 to which compressed air is supplied, and 
a selector valve 134 to which washing de-ionized water 
(washing thinner in case of a non-conductive coating 
material and so forth) is supplied. In the drawing, six 
selector valves on the left-hand side are the selector 
valves 132 to which the coating material is supplied in 
the drawing. A number of the selector valves 132 may 
be more or less than six and can be appropriately in- 
creased/decreased under various conditions such as a 
number of coating colors of an applied coating line and 
the like. Incidentally, the compressed air supplied to the 
selector valve 133 is used for thrusting out the coating 
material or the washing de-ionized water at the time of 
color change, and the washing de-ionized water sup- 
plied to the selector valve 134 is used for cleaning the 
pipe at the time of color change. 

[0025] As to the color change valve unit 1 3 according 
to this embodiment, the internal diameter of the manifold 
131 is so formed as to be substantially equal to that of 
the coaling hose 12. This enables the piston 14 to 
smoothly move from the right end to the left end of the 
coating hose 12 through the manifold 131 of the color 
change valve unit 13. 

[0026] Although not restricted in the present inven- 
tion, when a conductive coating material is used as the 
coating material in particular it is preferable that the 
manifold 1 31 of the color change valve unit 13 is made 
up of an insulating material such as a synthetic resin. 
When the manifold 131 is formed of a conductive mate- 
rial such as metal., an electric current may leak from the 
manifold 131 and the selector valves 132, 133 and 134 



to the coating material supply source side thorough the 
conductive coating material. 

[0027] In particular, the coating apparatus 1 according 
to this embodiment is provided with the piston 14 which 

5 can water-tightly slide from the right end to the left end 
of the coating hose 12 through the manifold 131 of the 
color change valve unit 13 in these members, and the 
driving means 15 for moving the piston 14 at an appro- 
priate position and an appropriate speed. 

10 [0028] As shown in Fig. 2 writ large : the piston 14 is 
constituted by mounting two O rings 142 which are 
formed of an insulating material and prevent the coating 
material from leaking on a piston main body 141 simi- 
larly consisting of an insulating material. A length of the 

i5 piston main body 141 in the axial direction is shortened 
as much as possible so that the piston 14 can smoothly 
move even when the coating hose 1 2 is bent. It is pref- 
erable to constitute the piston main body 141 by an in- 
sulating material such as nylon which is not degraded 
so by water or a solvent and the O ring 142 by a material 
such as rubber which has the appropriate elasticity and 
is superior in the abrasion resistance and the solvent 
resistance. 

[0029] The O ring 142 assures water-tightness of the 

2$ coating material and the like in front or back of the piston 
14 and has a function for improving the sliding property 
of the piston 14. Also, it has a function for scraping off 
the coating material having a previous color which has 
adhered to the inner wall of the coating hose 12 at the 

30 time of color change. 

[0030] When the coating material is injected into the 
front part of such a piston 14 and the piston is moved 
toward the coating gun 11, the conductive coating ma- 
terial which has adhered to the inner wall of the coating 

35 hose 1 2 is also scraped off toward the front part by the 
O ring 142, and whereby only air exists at the rear of the 
piston 14. Therefore, even if a high voltage is applied to 
the coating gun 1 1 , the voltage is blocked in front or back 
of the piston 14, thereby preventing an electric current 

40 from leaking toward the rear end of the coating hose 1 2 . 
[0031] The driving means 15 for moving the piston 14 
includes: a cable 151 having an end fixed to the piston 
main body 141; a pair of thrusting rollers 152 and 152 
which sandwich the cable 151 and rotate; and a pulling 

« device 1 53 for taking up the cable 151. 

[0032] The thrusting rollers 1 52 and 1 52 rotate by re- 
spective drive motors 154 and 154 and give the drive 
force to the cable 1 51 mainly when the piston 1 4 moves 
toward the coating gun 1 1 . Further, these rollers 1 52 and 

so 152 release the action for holding the cable 151 when 
the piston 1 4 returns in a direction away from the coating 
gun 11. The thrusting roller 152 controls a quantity of 
the coating material to be thrusted out with movement 
of the piston 14 : thereby in this embodiment requiring 
55 no gear pump which is necessary in the prior art. Fur- 
ther, since a pair of the thrusting rollers 152 and 152 
have a mechanical structure that they sandwich the ca- 
ble 151 to forward move the piston 1 4, the thrusting roll- 
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er 152 slips when a voltage reaches such a high value 
as that the coating hose 1 2 blows out in principle. There- 
fore, the safety can be improved. 
[0033] On the other hand, the pulling device 153 ro- 
tates in both forward and backward directions by the 
drive motor 155. When the piston 14 moves toward the 
coating gun 11 . the pulling device 153 rotates so that 
the cable 151 runs out in the same direction. Further 
the pulling device 153 functions by rotating in the re- 
verse direction, when the piston 1 4 returns in a direction 
away from the coating gun 11 . At this time, the thrusting 
roller 152 becomes free with respect to the cable 151 
as described above, increase in the rotational speed of 
the pulling device 153 shortens the time required for re- 
turning the piston 14. 

[0034] Although it is preferable to constitute the cable 
151 by an insulating material it is desirable to form an 
insulating coating layer 151a on an ouier periphery of 
the cable 151 as shown in Fig. 2 so that the leakage of 
the electric current due to the residual moisture, water., 
coating material and others in the rear portion of the pis- 
ton 1 4 can be prevented, when a metal (conductive) ca- 
ble is used as the cable 151 in order to enhance the 
rigidity and the durability. 

[0035] In order to clean the inside of the coating hose 
1 2 positioned at the rear of the piston 1 4 ; three selector 
valves 171 , 172 and 173 are provided at the right end 
of the coating hose. The washing thrusting air is sup- 
plied to the selector valve 1 71 , and the washing thinner 
is supplied to the selector valve 1 72. The selector valve 
173 is a dump valve. The inside of the coating hose at 
the rear of the piston 14 is mainly filled with the air, and 
only the slightly leaked coating material exists therein. 
The coating hose 12 at the rear of the piston 14, there- 
fore, does not have to be cleaned by the selector valves 
171 to 1 73 every time a color is changed, but it may be 
cleaned according to needs. 

[0036] A control signal from the controller 1 6 controls 
application of a high voltage to the coating gun 11, 
switching of the trigger valve 112, switching of the re- 
spective selector valves 132, 133 and 134 of the color 
change valve unit 13, switching of the selector valves 
171, 1 72 and 1 73, the operation of the drive motor 1 54 
of the thrusting roller 152, and the operation of the drive 
motor 1 55 of the pulling device 153. 
[0037] To the controller 16 are inputted a control sig- 
nal fed from a non-illustrated management device as 
well as a detection signal from position sensors 1 8 1 , 1 82 
and 1 83 for detecting a current position of the piston 14. 
The position sensor 181 supplies a detection signal 
when the piston 14 is situated at a rearmost end which 
is a position at the rear of the color change valve unit 
13. The position sensor 182 supplies a detection signal 
when the piston 14 is positioned slightly before the color 
change valve unit 13. Further, the position sensor 183 
supplies a detection signal when the piston 14 is situat- 
ed at the foremost position which is a position immedi- 
ately before the trigger valve 1 1 2 of the coating gun 1 1 . 
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The rearmost end position of the piston 14 detected by 
the position sensor 181 is referred to as a backward limit 
position: the position of the piston 14 detected by the 
position sensor 182. an application enabling position; 
5 and the foremost position of the piston 14 detected by 
the position sensor 183, a forward limit position herein- 
after. 

[0038] The coating apparatus 1 according to this em- 
bodiment having such an arrangement is mounted in a 
10 coating robot R to be used in the coating line 2 as shown 
in Fig. 3, for example. In the drawing, "21" denotes a 
coating booth; ,, 22", a coating cart; and "B", a vehicle 
body as a coating object. 

[0039] In this case, it is preferable to set at least the 

15 driving means 1 5 outside the coating booth, and this is 
possible in the coating apparatus 1 according to this em- 
bodiment. This is based on the following reason. That 
is, no problem occurs when all the coating materials 
used in the coating booth 21 are non-solvent based ma- 

20 terials (non-dangerous materials). However, in case of 
a mixed line using a solvent based material and a non- 
solvent based material, explosion protection must be 
applied to the drive motor or the electric wiring used in 
the coaling apparatus, which leads to increase in the 

25 facility cost. However, when the drive motors 154 and 
155 requiring explosion protection are set outside the 
coating booth 21 , explosion protection does not have to 
be applied even in case of the mixed line using the sol- 
vent based coating material, thereby enabling lower 

30 costs. Further, setting the driving means 15 outside the 
coating booth 21 can improve the work property of the 
maintenance and the inspection. 
[0040] The operation will now be described. 
[0041] Fig. 4 shows a procedure of one cycle in which 

35 the coating material is supplied to the coating apparatus 

I according to this embodiment and the coating material 
is applied to the coating object B from the coating gun 

I I to then wait for the next coating object B. Coating first 
starts from the state in which the piston 14 is set at the 

40 application enabling position. In this state, the piston 14 
is situated slightly before the color change valve unit 13, 
and the coating material P to be applied to the coating 
object B is filled in the coating hose 12 extending from 
the piston 14 to the bell cup 113. This fill is substantially 

^5 equal to an amount of the coating materia! applied by 
the coating gun 1 1 . Air A is filled in the coating hose 12 
at the rear of the piston 14. 

[0042] In this state, a high voltage is applied to the 
coating gun 11 , and the trigger valve 112 is opened (step 

50 1). As a result, although an electric current flows from 
the coating gun 11 through the conductive coating ma- 
terial P, the air A is filled in the rear part of the piston 14. 
This demonstrates a so-called voltage block function, 
thereby being insulated with the piston 14. 

55 [0043] When the trigger valve 112 opens, the thrust- 
ing roller 152 is nearly simultaneously operated to run 
out the cable 151 so that the piston 14 moves toward 
the coating gun 11 (step 2). Incidentally, although the 
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opening operation of the trigger valve 1 1 2 is carried out 
nearly simultaneously with the thrusting operation of the 
piston 14. the bell cup 113 of the coating gun 11 may 
turn sideways or diagonally upward depending on a pos- 
ture of the coaling robot R. Therefore, in order to stabi- 
lize an amount of first discharge or a spraying pattern, 
it is preferable to perform the thrusting operation of the 
piston 14 prior to the opening operation of the trigger 
valve 1 1 2 by approximately 0. 1 to 0.3 seconds. By doing 
so f there can be obtained means effective for taking 
steps to meet dripping of the coating material from the 
end of the feed tube in case of the rotary spraying coat- 
ing gun in particular. 

[0044] A thrusting speed at which the piston 14 is 
thrust out is concerned with an amount of discharge 
from the bell cup 113. That is ; an amount of discharge 
increase when the thrusting speed becomes higher and 
an amount of discharge decreases when the thrusting 
speed becomes lower. An appropriate thrusting speed 
is : therefore, fed : from the controller 16 to the driving 
means 15. 

[0045] When the piston 14 tries to move toward the 
coating gun 11 , the coating material P is supplied to the 
coating gun 11 as described above. However when the 
piston 14 reaches the forward limit position immediately 
before the trigger valve 1 1 2 and then the position sensor 
1 83 detects this, the thrusting roller 1 52 and the pulling 
device 153 are stopped., and application of a high volt- 
age to the coating gun 11 is also stopped to terminate 
application of the coating material to the coating object 
B (steps 3 and 4). 

[0046] The subsequent steps correspond to the color 
change cycle. At first, since the piston 14 is situated at 
the forward limit position, the thrusting rollers 152 and 
152 are released to be free and the pulling device 153 
is rotated in the reverse direction so that the piston 14 
is retracted (step 5). Incidentally, when the piston 14 is 
retracted, air in the rear part of the piston 14 (right-hand 
side in the drawing) is compressed, and it is hence de- 
sirable to previously open the dump valve 1 73 to smooth 
the operation of the piston 14. 

[0047] In this embodiment, when the piston 14 is re- 
tracted, the thrusting roller 152 is released to be free 
and the piston 14 is moved by only the pulling device 
153, so that the piston 14 can be returned to the back- 
ward limit position in a short period of time, thereby 
shortening the color change lime. 

[0048] When the position sensor 181 detects that the 
piston 14 has reached the backward limit position (step 
6), the selector valves 133 and 1 34 of the color change 
valve unit 13 are alternately opened and closed, and the 
washing do-ionized water and the thrusting air are sup- 
plied into the coating hose 12 in front of the piston 14 
(step 7). For example, when the piston 1 4 returns to the 
backward limit position, since the coating material P re- 
mains in the coating hose from the trigger valve 112 to 
the bell cup 113. the selector valve 133 is first opened 
to supply the thrusting air to the coaling hose 12. Fur- 



ther, the remaining coating material P is thrusted out 
from the bell cup 113. Subsequently, the selector valve 
134 is opened to supply the washing de-ionized water 
into the coating hose 1 2 and the inner wall of the coating 

5 hose 12 is cleaned. Moreover, the selector valve 133 is 
again opened to supply the thrusting air into the coating 
hose 12. Then, the remaining washing de-ionized water 
is thrusted out from the bell cup 113. These operations 
are repeated to clean the inside of the coating hose 12 

10 positioned in front of the piston 14. 

[0049] When the inside of the coating hose 12 be- 
comes clean, any of the selector valves 1 32 in the color 
change valve unit 13 is opened to supply the next coat- 
ing material P having a different color into the coating 

*5 hose 12 in front of the piston 14 (step 8). Here, the open- 
ing/closing timing of the selector valve 1 32 is controlled 
in accordance with an amount of the coating material to 
be used, thereby obtaining a fill suitable for that coating 
color. This can obtain a minimum amount of the coaling 

20 material which remains to be wasted after completion of 
coating. 

[0050] Upon supplying the next coating material P 
having a different color, the thrusting rollers 1 52 and 1 52 
and the pulling device 153 are driven to move forward 

25 the piston 14 (step 9). At this time, the rear part of the 
piston 14 forms a vacuum and hence the piston 14 can 
not smoothly move, the selector valve 1 71 is simultane- 
ously opened to supply the compressed air to the rear 
part of the piston 14 (step 9). It is to be noted that the 

30 reafpart of the piston may be opened to the air by open- 
ing the dump valve 1 73 instead. When the selector valve 
171 is opened to supply the compressed air to the rear 
part of the piston 14, a vacuum can be prevented from 
being formed, and the piston 14 is pushed against the 

35 coating gun 11 by the behavior of the compressed air, 
thereby further smoothing the operation of the piston 14. 
It is to be noted that a (iquid can substitute for the com- 
pressed air but the compressed air is particularly pref- 
erable. 

40 [0051] When the position sensor 1 82 detects that the 
piston 14 has reached the application enabling position 
slightly before the color change valve unit 13 (step 10), 
the thrusting roller 152 and the pulling device 153 are 
stopped. Further, the trigger valve 112 is closed to wait 

^5 for a coating start signal for the next color (step 11). 
[0052] As described above, in the coating apparatus 
1 according to this embodiment, the piston 14 is provid- 
ed in the coating hose 12, and the conductive coating 
material P is supplied to the front part of the piston 14 

so to be thrusted out toward the coating gun 11 . The air 
layer is, therefore, formed at the rear of the piston 14, 
and this demonstrates a so-called voltage block func- 
tion. Thus, an existing bell-shaped electrostatic coating 
gun and the like having the high coaling efficiency can 

55 be utilized without making any change, both adoption of 
the conductive coating material and improvement in the 
coating efficiency can be attained. Moreover, since the 
existing coating gun can be used as it stands, replace- 
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ment of the coating gun or alteration cost will be no long- 
er necessary. 

[0053J Additionally, controlling the speed for pushing 
the piston can readily adjust an amount of discharge, 
and the piston can substitute for an expensive device 
such as a gear pump which is necessary in the prior art, 
thereby lowering the facility cost. 
[0054] For the color change operation, since the coat- 
ing material can be thrusted out to the trigger valve by 
using the piston, an amount of the coating material wast- 
ed at the time of color change can be minimum, which 
is advantageous in reduction in the coating material cost 
and the environmental measure such as the waste liquid 
disposal. 

[0055] An amount of the coating material to be used 
(an amount of discharge) for each coating gun differs in 
accordance with a change in the coating cycle time : a 
difference in coating objects, a difference in coating 
colors due to coating maierial solid contents, a differ* 
ence in the required quality such as a film thickness. 
However, according to the coating apparatus of this em- 
bodiment, the length of the coating hose 1 2 is set in con- 
formity to the maximum amount of the coating material 
to be used in advance, and the coating material having 
a required amount is filled to be applied. It is, thus, pos- 
sible to be receptive with respect to fluctuations in an 
amount of the coating material to be used. 
[0056] Moreover, when the color change valve unit is 
provided in the middle of the coating pipe, it is possible 
to sufficiently cope with multiple coating colors or high 30 
frequency of color change. Moreover since the unit is 
not restricted to the booth side tank, a large amount of 
the coating material can be successfully processed. 
[0057] The coating apparatus according to this em- 
bodiment can be applied to the conductive coating ma- 35 
terial as well as the non-conductive coating material. 
[0058] In addition, since all of the coating material in 
the coating hose is thrusted out by the piston, an area 
which must be cleaned is extremely reduced, thereby 
enabling cleaning in the system within a short period of <*o 
time. As a result of high cleanness, color change of the 
conductive coating material and the non-conductive 
coating material can be performed in the same coating 
apparatus. 

[0059] Further, according to the coating apparatus of 
this embodiment, since the coating material is filled in 
the coating hose immediately before performing coal- 
ing, pigment sedimentation does not occur even in the 
case of a metallic coating material or a mica coating ma- 
terial. When this coating apparatus is applied to the so 
coating gun using a cartridge, pigment sedimentation 
can be eliminated. 

<Second Embodiment 

55 

[0060] Fig. 5 is a schematic block diagram showing 
another embodiment of the coating apparatus according 
to the present invention. Although an amount of the 



coating material filled in the coating hose 1 2 is controlled 
by the opening/closing timing of the selector valve 132 
in the color change valve unit 1 3 in the first embodiment, 
a flow meter 1 9 is provided in order to accurately control 
5 a fill of the coating material P in the second embodiment. 
That is., a branch pipe 21 is provided in front of the back- 
ward limit position of the piston 14 in the coating hose 
12, and the color change valve unit 13 is disposed to 
this pipe. The flow meter 19 and an opening/closing 
10 valve 20 are provided between the color change valve 
unit 13 and the coating hose 12. The opening/closing 
valve 20 is opened when the coating material and the 
like are supplied from the color change valve unit 13 to 
the coating hose 12, and closed when the piston 14 
is moves forward after filling the coating material, thereby 
preventing the coating material from flowing back. 
[0061] In this manner, by measuring an amount of the 
coating material supplied from the color change valve 
unit 1 3 by using the flow meter 1 9, even if a fill is uneven 
20 due to a fluctuation in viscosity of the coating material 
and the like, such unevenness can be avoided. Conse- 
quently, the coating quality can be stabilized and an 
amount of the coating material to be wasted can be re- 
duced. 

<Third Embodiment 

[0062] Fig. 6 is a schematic block diagram showing a 
primary part of still another embodiment of the coating 
apparatus according to the present invention. Although 
the compressed air is supplied from the rear part of the 
piston 14 via the selector valve 171 to further smooth 
the forward movement of the piston 14 in the first em- 
bodiment, it is possible to give the forward drive force of 
the piston 14 by only the compressed air and to control 
the moving speed of the piston by the pulling device 1 53. 
In this case, the thrusting roller 1 52 in the first embodi- 
ment can be omitted. 

[0063] That is, as shown in the drawing, to the rear 
end of the coating hose 1 4 are provided a selector valve 
174 for supplying the compressed air and a selector 
valve 1 75 for de-pressuring the rear part of the piston 
14. When the selector valve 1 74 is opened to supply the 
compressed air to the rear part of the piston 14, the pis- 
ton 1 4 is driven to move forward, At this time, the moving 
speed of the piston 1 4 is controlled by loosening the ca- 
ble 151 of the pulling device 153. Further, it is desirable 
to control the pressure of the compressed air supplied 
from the selector valve 174 in accordance with the re- 
sistance of the coating material P filled in the front part 
of the piston i4. For example, the resistance of the pis- 
ton 14 due to the coating material P becomes larger as 
the piston 14 moves closer to the backward limit posi- 
tion, and the resistance of the piston 14 becomes small- 
er as the piston 14 moves closer to the coating gun 11 . 
The pressure of the compressed air is also controlled in 
accordance with this resistance. 

[0064] In case of returning the piston 14 from the for- 
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ward limit position to the backward limit position, the so- 
lector valve 174 is closed to stop supply of the com- 
pressed air. and the selector valve 175 is opened to re- 
move the air existing in the rear part of the piston 14 
from this valve. 

<Fourth Embodiment 

[0065] Fig. 7 shows a schematic block diagram show- 
ing yet another embodiment of the coating apparatus 
according to the present invention. In the coating appa- 
ratus 1 of this embodiment, the coating material supply 
system is divided into two in order to shorten the time 
required for changing a color or supplying the coating 
material having a different color. 
[0066] That is, the coating material supply system is 
divided into a first coating hose 12A for supplying the 
coating material to the coating gun 11 and a second 
coating hose 12B for supplying the coating material to 
the first coating hose 1 2A, and an opening/closing valve 
22 is provided at a connection portion of these mem- 
bers. 

[0067] A first piston 14A which water-tightly slides in 
the first coating hose 1 2A is provided to the first coating 
hose 12A, and the first piston 14A can move forward 
and backward by first thrusting rollers 152A and 152A 
and a pulling device 153A. 

[0068] In Fig. 7, to the first coating hose 12A are pro- 
vided a selector valve 24 for supplying washing de-ion- 
ized water for color change (when the coating material 
P is a water based coating material) and a selector valve 
25 for supplying cleaning air for color change. 
[0069] On the other hand, the above-described open- 
ing/closing valve 22 and a dumper valve 23 are provided 
to the end of the second coating hose 12B, thereby en- 
abling disposal of the cleaning liquid to the outside of 
the system when the inside of the coating hose 12B is 
cleaned. 

[0070] Any other structure is similar to that of the coat- 
ing apparatus 1 of the first embodiment, and like refer- 
ence numerals are given to constituent members com- 
mon to the first embodiment. An alphabetic character 
"A" enabling identification as the first coating supply sys- 
tem is given to the tail end. Similarly, an alphabetic char- 
acter "B" is given to the tail end of reference numeral for 
a member in the second coating supply system. 
[0071] The operation of the coaling apparatus 1 ac- 
cording to this embodiment will be described. 
[0072] When both the first piston 14A and the second 
piston 14B are placed at the backward limit position 
shown in the drawing and the opening/closing valve 22 
is opened, while the dump valve 23 is closed, the selec- 
tor valve 132 of the color change valve unit 13 is 
switched to supply a predetermined amount of the coat- 
ing material P from the second coating hose 1 2B to the 
first coating hose 1 2A. At this time, the trigger valve 1 1 2 
is closed. 

[0073] Subsequently, the second piston 14B is moved 



toward the opening/closing valve 22 by using the sec- 
ond thrusting roller 152B and the second pulling device 
153B. When the second piston 14B passes the color 
change valve unit 13 and reaches the application ena- 
5 bling position, the trigger valve 1 1 2 is opened and a high 
voltage is applied to the coating gun. Here, the coating 
material P is filled in both the first coating hose 12A and 
the second coating hose 12B, but only the air exists in 
the rear pan of the second piston 14B. Accordingly, the 
io high voltage is blocked. 

[0074] Moreover, when the second piston 14B is 
moved forward and the second piston 14B reaches the 
forward limit position very close to the opening/closing 
valve 22, the first piston 14A is moved toward the coat- 
15 ing gun 11 by the first thrusting roller 152A and the first 
pulling device 153A. At the same time, the second 
thrusting roller 152B is released to be free and the sec- 
ond pulling device 153B is rotated in the reverse direc- 
tion so that the second piston 14B is retracted. 
20 [0075] When the first piston 14A reaches a position 
beyond the selector valve 24, the opening/closing valve 
22 is closed to start cleaning of the inside of the second 
coating hose 1 2B. That is, the dump valve 23 is opened, 
and the selector valves 1 33 and 1 34 of the color change 
25 valve unit 1 3 are alternately opened/closed to alternate- 
ly supply the washing de-ionized water and the thrusting 
air into the second coating hose 12B, thereby disposing 
of the cleaning liquid from the dump valve 23. Upon 
completion of cleaning, the operation waits for the next 
20 coating cycle at a backward limit position. In this standby 
mode, the first piston 1 4A continues to move toward the 
coating gun 11 . When the first piston 14A reaches a po- 
sition very close to the trigger valve 112 and coating is 
terminated, the first thrusting roller 152A is released to 
35 be free and the pulling device 153A is rotated in the re- 
verse direction. Consequently, the first piston 14A is re- 
turned to the backward limit position. The selector 
valves 24 and 25 are alternately opened and closed and 
the washing de-ionized water and the thrusting air are 
to alternately supplied into the first coating hose 1 2A, thus 
disposing of the cleaning liquid from the bell cup 113. 
[0076] As described above, in the coating apparatus 
1 according to this embodiment, when the first piston 
14A is moved forward to perform coating, the inside of 
45 the second coating hose 12B can be cleaned and the 
next coating material having a different color can be sup- 
plied. Therefore, after completion of the coating cycle, 
only cleaning of the inside of the first coating hose 12A 
can suffice. In other words, since it is enough to perform 
50 cleaning and color change operations to one of all the 
coating hoses 1 2A and 1 2B. i.e. , the coating hose 1 2A : 
the standby time required before start of the next coating 
process can be shortened. 

»5 <Fifth to Seventh Embodiments> 

[0077] Figs. 8 to 10 are schematic block diagrams 
showing further embodiments of the coating apparatus 
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according to the present invention. The fifth to seventh 
embodiments are examples in which the coating appa- 
ratus according to the present invention is applied to a 
so-called two-color mixing type coating apparatus. For 
example : a white coating material and a black coating 
material are mixed at an arbitrary ratio from 100:0 to 0: 
1 00. and a gray coating material whose color is a neutral 
color of black and white is continuously produced to be 
applied to a coating object. 

[0078] In the embodiment shown in Fig. 8, a mixer 26 
is provided at a rear end of the coating hose 12, and a 
first coating material and a second coating material re- 
spectively having fixed amounts are supplied to the mix- 
er 26 by gear pumps 29 and 30 through selector valves 
27 and 28. The coating materia! mixed by the mixer 26 
is supplied to a front pan of the piston 14 in the coating 
hose 12 and further fed to the coating gun 11 to be ap- 
plied onto a coating material, as in the first embodiment. 
[0079] Incidentally, when the remaining air in the man- 
ifold becomes a problem, an air vent valve 31 can be 
provided at the rear end of the coating hose 12 to re- 
lease air. 

[0080] In the embodiment shown in Fig. 9, the coating 
materials having two colors are mixed in the bell cup 1 1 3 
of the coating gun 1 1 , and respective two pairs of coating 
hoses 12.. pistons 14, thrusting rollers 152 and pulling 
devices 153 are provided to the coating gun 11 having 
two trigger valves 112 and 112. Three selector valves 
32, 33 and 34 are provided to each coating hose 12 on 
the rear end side so that the cleaning thinner (or the 
washing de-ionized water), the thrusting air and the first 
or second coating material are respectively supplied. 
[0081] In this embodiment, a coating supply system 
dedicated for each of the first and second coating ma- 
terials is provided without using the mixer 26 in the em- 
bodiment shown in Fig. 8, and the coating material is di- 
rectly supplied to the bell cup 113. Further, the both coat- 
ing materials are mixed by utilizing the turning force of 
the bell cup 113. 

[0082] In the embodiment shown in Fig. 10, there are 
provided respective two pairs of coating hoses 12, pis- 
tons 14, thrusting rollers 152 and pulling devices 153 : 
and a mixer 26 is provided in the vicinity of the coating 
gun 11 in order to mix the coating materials having two 
colors in this mixer. Since the existing coating gun 11 
can be used as it stands by doing so, reduction in the 
facility cost can be attained. 

[0083] It is to be noted that the coating apparatus 1 
according to each of the fifth to seventh embodiments 
can be applied to both the conductive coating material 
and the non-conductive coating material. 

<Eighth Embodiment 

[0084] Fig. 11 is a schematic block diagram showing i 
a still further embodiment of the coaling apparatus ac- 
cording to the present invention, and Fig. 12 is a sche- 
matic block diagram showing a use of the coating appa- 



ratus depicted in Fig. 11. 
[0085] Although the piston 14 can move forward and 
backward in the coating pipe 12 and the color change 
valve unit 13 in the foregoing first to seventh embodi- 
5 ments, the piston 14 can move forward and backward 
in a cylinder 35 and the color change valve unit 13 in 
this embodiment. 

[0086] That is, the cylinder 35 is provided in the middle 
of the coating hose 1 2 for supplying the coating material 
10 to the coating gun 11 , and the color change valve unit 
1 3 is provided in the middle of the cylinder 35. Each end 
of the manifold 131 of the color change valve unit 13 is 
water-tightly connected to the cylinder 35 by a joint. 
[0087] To the color change valve unit 13 shown in the 
ts drawing are provided a selector valve 132 to which a 
different coating material is supplied from a non-illustrat- 
ed coaling materia! supply source, a selector valve 133 
to which the compressed air is supplied, and a selector 
valve 134 to which the washing de-ionized water (the 
20 washing thinner in case of the non-conductive coating 
material and so forth) is supplied. Although the four se- 
lector valves shown on the left-hand side in the drawing 
are selector valves 132 to which the coating material is 
supplied, a number of the selector valves 132 may be 
25 more or less than four and can be appropriately in- 
creased or decreased under various conditions such as 
a number of colors of the coating material in an applied 
coating line. It is to be noted that the compressed air 
supplied to the selector valve 133 is used for thrusting 
30 out the coating material or the washing de-ionized water 
at the time of color change and the washing de-ionized 
water supplied to the selector valve 134 is used for 
cleaning the pipe at the time of color change. 
[0088] In the color change valve unit 1 3 according to 
35 this embodiment, the internal diameter of the manifold 
131 is substantially equal to that of the cylinder 35. As 
a result, the piston 14 can smoothly move from the right 
side to the left side of the cylinder 35 through the man- 
ifold 131 of the color change valve unit 13. 
40 [0089] In case of using the conductive coating mate- 
rial as the coating material, although the present inven- 
tion does not restrict materials, it is preferable to form 
the cylinder 35 and the manifold 1 31 of the colorchange 
valve unit 13 by an insulating material such as a syn- 
*5 thetic resin. When the cylinder 35 or the manifold 1 31 is 
formed of the conductive material such as metal, the 
electric current may leak from the cylinder 35, the man- 
ifold 131 and the selector valves 132, 133 and 134 to 
the coating material supply source through the conduc- 
>o tive coating material, 

[0090] In the coating apparatus 1 according to this 
embodiment in particular there are provided the piston 
14 which can water-tightly slide from the right end to the 
left end of the cylinder 35 through the manifold 131 of 
5 the color change valve unit 1 3 and driving means 1 5 for 
moving the piston 14 at an appropriate position and an 
appropriate speed. 

[0091 ] As shown in Fig. 2 in large, the piston 1 4 is con- 
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stituted by mounting two O rings 142 which consist of 
an insulating material and prevent the leakage of the 
coating material to the piston main body 141 which also 
consists of an insulating material, as in the first to sev- 
enth embodiments. A length of the piston main body 1 4 1 
in the axial direction is shortened as much as possible 
so that the piston can move smoothly even if the coating 
hose 12 is bent. It is preferable to form the piston main 
body 141 by an insulating material such as nylon which 
can not be degraded by water or a solvent. The O ring 
142 consists of a material such as rubber having the ap- 
propriate elasticity and is preferably constituted with a 
material having the excellent abrasion resistance and 
solvent resistance. 

[0092] The O ring 1 42 assures water tightness of the 
coating material and the like in front or back of the piston 
1 4 and also has a function for improving the sliding prop- 
erty of the piston 1 4. Moreover, the O ring has a function 
for scraping off the coaling material having a previous 
color which has adhered to the inner wall of the cylinder 
at the time of color change. 

[0093] The coating material is injected into the front 
part of the piston 14, and the piston 1 4 is moved toward 
the coating gun 11 . Then, the conductive coating mate- 
rial which has adhered to the inner wall of the cylinder 
35 can be scraped off toward the front part by the O ring 
142. Therefore, only the air exists in the rear part of the 
piston 14. Accordingly, even if a high voltage is applied 
to the coating gun 11 , the high voltage is blocked in front 
and back of the piston 14, which prevents the electric 
current from leaking toward the rear end of the cylinder 
35. 

[0094] As in the first embodiment, the driving means 
15 for moving the piston 14 includes: a cable 151 having 
an end fixed to the piston main body 1 41 ; a pair of thrust- 
ing rollers 152 and 152 which are provided in the vicinity 
of the rear end of the coating hose 12 and rotate sand- 
wiching the cable 1 51 ; and a pulling device 1 53 for tak- 
ing up the cable 151. 

[0095] It is to be noted that three selector valves 1 71 , 
1 72 and 1 73 are provided at the right end of the cylinder 
35 in order to clean the inside of the cylinder 35 posi- 
tioned at the rear of the piston 14. The washing thrusting 
air is supplied to the selector valve 171 . and the washing 
thinner is fed to the selector valve 172. The selector *s 
valve 1 73 is a dump valve. Since the inside of the cylin- 
der 35 at the rear of the piston 14 is mainly filled with 
the air and the slightly leaked coating material exists 
therein, the cylinder 35 at the rear of the piston 1 4 does 
not have to be cleaned by the selector valves 1 71 to 1 73 50 
every time a color is changed. Such cleaning may be 
performed according to needs. 

[0096] Although an air valve 351 is provided at the left 
end of the cylinder 35. the piston 1 4 moves forward from 
(he right end to the left end of the cylinder 35 : and the 55 
air valve 351 is opened to supply the compressed air 
when the piston reaches a position immediately before 
the left end. As a result, the coating material remaining 



in the coaling hose 12 connected to the left end of the 
cylinder 35 can be supplied to the coating gun, thereby 
achieving the effective use of the coating material. 
[0097] The coating apparatus 1 according to this em- 
5 bodiment having the above-described arrangement is 
mounted in a coating robot R to be used in a coating line 
2 as shown in Fig. 12. for example. In the drawing, ref- 
erence character "B" denotes an automotive body which 
is a coating object. 
10 [0098] In the coating apparatus 1 of this embodiment, 
since the piston 14 moves in the cylinder 35 and the 
manifold 131 of the color change valve unit 13, the pis- 
ton 14 can very smoothly move by forming the cylinder 
35 and the manifold 131 by linear members having the 
is rigidity even if the coating hose 1 2 is bent with the move- 
ment of the robot R. Also, a discharge amount of the 
coating material can be fixed and stabilized. 
[0099] It is to be noted that the foregoing embodi- 
ments are given for easily understanding the present in- 
20 vention but not for restricting the present invention. 
Therefore., each constituent part disclosed in the above 
embodiments is intended to include all modifications 
and equivalents of design which fall within the technical 
scope of the present invention. 
25 [0100] The entire contents of Japanese Patent Appli- 
cation No.2000-72426, filed on March 15, 2000, and 
Japanese Patent Application No.2001 -36482, filed on 
February 14, 2001, are hereby incorporated by refer- 
ence. 



Claims 

1. A coating apparatus comprising: 

a coating gun (1 1 ) to which a voltage is applied; 
a coating pipe (12) for leading a coating mate- 
rial to said coating gun (11); 
a piston (14) provided so as to be capable of 
water-tightly sliding in said coating pipe (12); 
and 

a drive portion (15) for moving said piston (14) 
in said coating pipe (12), 
said coating material being injected into a front 
part of said piston (14) and said piston (1 4) be- 
ing moved toward said coating gun (11) at the 
time of coating. 

The coating apparatus according to claim 1 . where- 
in a color change valve unit (13) is provided in the 
middle of said coating pipe (12), and an internal di- 
ameter of a common outlet flow path of said color 
change valve unit (13) is substantially equal to that 
of said coating pipe (12). 

The coating apparatus according to claim 1 . where- 
in said drive portion (15) comprises: 
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a cable (i 51 ) having one end connected to said 
piston (14): 

thrusting rollers (152) which sandwich said ca- 
ble (1 51 ) and move said piston (14) toward said 
coating gun (11): and 5 12. 

a pulling device ( 1 53) which is connected to the 
other end of said cable (151) and moves said 
piston (14) in a direction opposite to said coat- 
ing gun (11). 

10 

4, The coating apparatus according to claim 3 : where- 
in a pressure by an insulating fluid is applied from 13. 
a rear part of said piston (14) : when said piston (14) 
is moved toward said coating gun (11). 



part of said piston (14) and said piston (1 4) be- 
ing moved toward said coating gun (11) at the 
time of coating. 

The coating apparatus according to claim 11 . 
wherein a color change valve unit (13) is provided 
in the middle of said cylinder (35), and an internal 
diameter of a common outlet flow path of said color 
change valve unit (13) is substantially equal to that 
of said cylinder (35). 



The coaling apparatus according to claim 
wherein said drive portion (15) comprises: 



11, 



5. The coating apparatus according to claim 4 : where- 
in a pressure of an insulating fluid applied to a rear 
part of said piston (14) is controlled in accordance 
with a target moving speed of said piston (14). 

6. The coating apparatus according to claim 2 : where- 
in said piston (1 4) is stopped at least at a backward 
limit position set at the rear of said color change 
valve unit (13), a forward limit position set immedi- 
ately before a trigger valve (112) of said coating gun 
(11 ) 5 and an application enabling position set in front 
of said color change valve unit (13). 

7. The coating apparatus according to claim 6 : where- 
in an operation for changing a previous color is car- 
ried out. with said piston (14) being stopped at said 
backward limit position. 



The coating apparatus according to claim 1 , further 
comprising a measuring instrument (19) for meas- 35 16. 
uring an amount of said coating material supplied 
to a front part of said piston (14). 

The coating apparatus according to claim 1 , where- 
in said drive portion (1 5) is provided outside a coat- 40 
ing booth (21). 



>5 a cable (151 ) having one end connected to said 

piston (14); 

thrusting rollers (152) which sandwich said ca- 
ble (151) and move said piston (14) toward said 
coating gun (11 ); and 
20 a pulling device (1 53) which is connected to the 

other end of said cable (151) and moves said 
piston (14) in a direction opposite to said coat- 
ing gun (11). 

25 14. The coating apparatus according to claim 13 ; 

wherein a pressure by an insulating fluid is applied 
from a rear part of said piston (14) : when said piston 
(1 4) is moved toward said coating gun (1 1 ). 

30 15. The coating apparatus according to claim 14, 
wherein a pressure of an insulating fluid applied to 
a rear part of said piston (1 4) is controlled in accord- 
ance with a target moving speed of said piston (14). 



The coating apparatus according to claim 12 ; 
wherein said piston (14) is stopped at least at a 
backward limit position set at the rear of said color 
change valve unit (13) ; a forward limit position set 
at an end of said cylinder (35), and an application 
enabling position set in front of said color change 
valve unit (13). 



1 0. The coating apparatus according to claim 1 , where- 
in said coating material is a conductive coating ma- 
terial. 

11. A coating apparatus comprising: 

a coating gun (1 1 ) to which a voltage is applied; 
a coating pipe (12) for leading a coating mate- 
rial to said coating gun (11); 
a cylinder (35) provided in the middle of said 
coating pipe (12); 

a piston (14) provided so as to be capable of 
water-tightly sliding in said cylinder (35); and 
a drive portion (15) for moving said piston (14) 
in said cylinder (35), 

said coating material being injected into a front 



17. The coating apparatus according to claim 16 : 
wherein an operation for changing a previous color 

*5 is carried out, with said piston (14) being stopped 
at said backward limit position. 

18. The coating apparatus according to claim 1 1 . further 
comprising a measuring instrument (19) for meas- 

50 uring an amount of said coating material supplied 

to a front part of said piston (14). 

19. The coating apparatus according to claim 11 , 
wherein said drive portion (15) is provided outside 

55 a coating booth (21 ). 

20. The coating apparatus according to claim 11 , 
wherein said coating material is a conductive coat- 
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ing material. 

21. A coating apparatus comprising: 

a coating gun ( 1 1 ) to which a voltage is applied; 5 
a fist coating pipe (12A) for leading a coating 
material to said coating gun (11); 
a first piston ( 1 4A) provided so as to be capable 
of water-tightly sliding in said first coating pipe 
(12A): 10 
a first drive portion (15A) for moving said first 
piston (14A) in said first coating pipe (12A); 
a second coating pipe (12B) for supplying said 
coating materia! to a front part of said first piston 
(14A): 15 
a second piston (14B) provided so as to be ca- 
pable of water-tightly sliding in said second 
coating pipe (12B); 

a second drive portion (15B) for moving said 
second piston (14B) in said second coating 20 
pipe (12B); and 

an opening/closing valve (22) provided at a 
connection portion between said first coating 
pipe (1 2A) and said second coating pipe (1 2B), 
said coating material being injected into a front 25 
part of said second piston (14B) ? and said sec- 
ond piston ( 1 4B) and said first piston (1 4A) be- 
ing moved toward said coating gun (11) at the 
time of coating. 

30 

22. The coating apparatus according to claim 21, 
wherein a color change valve unit (13) is provided 
in the middle of said second coating pipe (1 2B) : and 
an internal diameter of a common outlet flow path 
of said color change valve unit (1 3) is substantially 35 
equal to that of said second coating pipe (1 2B). 



rials to said trigger valves (11 2 5 112) of said 
coating gun (11 ); 

at least two pistons (14 : 14) provided so as to 
be capable of water-tightly sliding in said at 
least two coating pipes ( 1 2, 12): and 
at least two drive portions (15 : 15) for respec- 
tively moving said at least two pistons (14, 14) 
in said coating pipes (12 ; 12). 

25. A coating apparatus comprising: 

a coating gun (11) to which a voltage is applied; 
a mixer (26) for mixing at least two kinds of coat- 
ing materials and supplying a mixed coating 
material to said coating gun (1 1 ). 
at least two coating pipes (12, 12) for leading 
said at least two kinds of coating materials to 
said mixer (26); 

at least two pistons (14, 14) respectively pro- 
vided so as to be capable of water-tightly sliding 
in said at least two coating pipes (12, 12); and 
at least two drive portions (15 : 15) for respec- 
tively moving said at least two pistons (14, 1 4) 
in said coating pipes (12, 12). 



23. A coating apparatus comprising: 



a coating gun ( 1 1 ) to which a voltage is applied; *o 

a coating pipe (12) for leading a mixed coating 

material containing at least two kinds of coating 

materials to said coating gun (11); 

a piston (14) provided so as to be capable of 

water-tightly sliding in said coating pipe (12); 45 

a drive portion (15) for moving said piston (14) 

in said coating pipe (12); and 

a mixer (26) for mixing said at least two kinds 

of coating materials and supplying said mixed 

coating material to said coating pipe (12). 50 



24. A coating apparatus comprising: 



a coating gun (11) which has at least two trigger 
valves (112 : 112) and to which a voltage is ap- 55 
plied; 

at least two coating pipes {12.. 1 2) for leading 
each of said at (east two kinds of coating mate- 



12 



BNSOCCID <EP 



n 34027 A2 I > 



EP 1 134 027 A2 



o 

t— i 



9 





13 



SNSOOCfO -tEP 



EP 1 134 027 A2 



FIG. 2 




BNSDOCID; <EP H34027A.2 ( > 



14 



EP 1 134 027 A2 




16 



BNSDOCID: <EP ... 1134027A2 I » 



EP 1 134 027 A2 




17 



BNSDOCIU <F:P 



11 34027 A2 I > 



EP 1 134 027 A2 




18 



BNSDCCID:<EP H 34027 A2 « > 



EP 1 134 027 A2 



FIG. 11 



11 

J 112 



/ 



rR 



in 



351 



12 



\ 

35 



13 133 171 
~y32 / 152 



132 / 35 / 152 15 

" hi in i i r r^ / 



131 y \i'4\ 172 

132 J34 173 




153 




21 



